Introduction {#sec0005}
============

Osteoporosis is a systemic disease characterized by low bone mass and microarchitectural deterioration of bone tissue, resulting in an increased risk of fracture; if identified early in its course, however, many of the fractures can be prevented.[@bib0125]

Apart from modifiable lifestyle factors, bone mineral density (BMD) is influenced by several genetic, environmental, and hormonal factors.[@bib0130], [@bib0135] While the influence of biochemical markers on the fracture risk has been well documented in previous studies, the association between serum 25(OH)D levels and BMD in different ethnicities residing in different geographic areas remains controversial. Many of them have reported no direct relationship between serum 25(OH)D levels and BMD was observed.[@bib0140]

The present study therefore was designed to evaluate the relationship between vitamin D status, bone mineral density and PTH in a healthy Iranian population.

Materials and methods {#sec0010}
=====================

Subject selection {#sec0015}
-----------------

This study is part of a comprehensive survey (IMOS) assessing the prevalence of osteoporosis and related factors among healthy adults (age range: 20--70 Years), representative sample of Iranian population living in urban areas, in the urban areas of five major cities of Iran (Tehran, Tabriz, Mashhad, Shiraz and Booshehr) in late winter 2001 (February--March).

Details on the survey design and methods have been reported previously.[@bib0145] Briefly, the IMOS used a random cluster sampling design to draw five provincially representative, independent samples of healthy adults excluding those taking medications that could modify bone metabolism, those with hepatic or renal disorders, metabolic bone disease, hypercortisolism, malabsorption, sterility, oligomenorrhea, diabetes, malignancy, and immobility for more than 1 week as well as the pregnant and lactating women. The Research Ethics Committee of the Endocrine and Metabolism Research Center (EMRC) approved the protocol of this study. An informed consent was obtained from the subjects before they entered the study.

All subjects underwent a detailed medical examination, measurement of bone mineral density at different sites, and certain biochemical testing. Apart from demographic data, the subjects were asked about their menopausal status and the years passed since their menopause. Menopause, in this study, was defined as previous natural or surgical cessation of menstruation for more than 12 months.

Biochemical tests {#sec0020}
-----------------

A fasting blood sample (10 cm^3^ of venous blood) was taken from all participants at their residence place. Sample centrifuge and serum extraction were done in the field. The samples were then frozen and sent to the EMRC laboratory for further analysis.

Serum Ca and P levels were analyzed by a calorimetric method using Chem. Enzyme Lab Kit; Iran. The normal laboratory range for serum Ca was 8.6--10.8 mg/dl and for serum P was 2.3 to 5 mg/dl. Serum levels of vitamin D (25 (OH) D) and PTH were measured with RIA (Radio-Immuno-Assay) method (IDS Ltd Kit; UK) and IRMA (Immuno-Radiometric) method (Diasorin Kit; USA), respectively. Normal range for serum 25(OH)D and PTH were 23--113 ng/ml and 13--54 pg/ml, correspondingly. The inter- and intra-assay variations for the markers were 8%/6.8% and 8.9%/6.1%, respectively.

Based on 25(OH)D values, subjects were classified as those suffering from vitamin D deficiency (≤20 ng/ml), -- insufficiency (mild deficiency) (20--30 ng/ml) and -- sufficiency (higher than 30 ng/ml). The complete method used to determine the 25(OH)D levels for classifying the participants is described in our previous studies.[@bib0150], [@bib0155]

Bone mineral density {#sec0025}
--------------------

In each city, patients underwent an L1--L4 anteroposterior lumbar spine, hip and its sub-regions DXA study with a Lunar DPXMD densitometer (Lunar 7164, GE, Madison, WI) equipped with NHANES III dataset by a trained operator according to the manufacturer\'s instruction. Results were expressed as *T*- and *Z*-scores. Quality control procedures were carried out in accordance with the manufacturer\'s recommendations. In each city, the instrument variation was determined regularly by a weekly calibration procedure using a phantom supplied by the manufacturer (the phantom equilibrium was sent from one city to another after each testing). The interdevice variance was checked several times during the study period. There was an irrelevant small difference between the reported measures which was negligible. Precision error for BMD measurements was 1--1.5% in the lumbar and 2--3% in the femoral regions.

Based on World Health Organization Study Group recommendation, BMD values were classified as normal, osteopenic and osteoporotic.[@bib0160] Since, there is no widely accepted definition of osteoporosis in males, the WHO criteria for testing osteoporosis in the female population was similarly used for this group.

Statistical analysis {#sec0030}
--------------------

Data were entered to Microsoft Access Databank. In view of the fact that a different instrument was used to assess the BMD in subjects who were recruited in Booshehr; data gathered in this city was assumed to be missing. All statistical analyses were performed with SPSS 13.0 for Windows (SPSS, Chicago, IL) based on a pair-wise approach, and *P* values lower than 0.05 were considered statistically significant.

All analyses were conducted separately for each gender, and then for the group overall. Means ± SD were used to express standard descriptive statistics. Categorical variables were expressed as percentages and compared using Chi-square. Differences among means were investigated by analysis of variance (ANOVA) with post hoc test. The two-sided Student\'s *t*-test was used to compare the mean biochemical values in different groups. The association between the outcome variable (BMD) and the biochemical variables was examined by bivariate analysis and then by adjusted stepwise multiple regression analyses.

Results {#sec0035}
=======

A total of 4450 individuals with the mean age of 42.6 ± 13.9 years were studied; from among them 1900 (42.7%) were male. Overally some 246 (6.5%) of the total studied subjects (4.8% of males and 7.7% of females) were reported to have osteoporosis. There was a significant difference between the frequencies of osteoporosis among the two genders (*P*-value \< 0.001). Osteopenia, on the other hand, was reported among 848 (58.6%) of the studied females and some 600 (41.4%) of the studied men.

Serum levels of 25(OH)D was significantly higher among those suffering from osteoporosis ([Table 1](#tbl0005){ref-type="table"}). The Pearson\'s correlation coefficients between the study variables revealed an inverse correlation between 25(OH)D levels and BMD values at total hip (*r* = −0.062 in men and *r* = −0.057 in women) and spine (*r* = −0.076 in men and *r* = −0.107 in women) ([Table 2](#tbl0010){ref-type="table"}).

The correlation between PTH levels and BMD values at all sites failed to remain significant after adjusting data for gender. Each year increase in age was associated with 1.061 and 1.141 higher risk of developing osteoporosis in males and females, respectively. After adjusting the data for age, the inverse correlation between age, and 25(OH)D levels and BMD values at all sites was no longer statistically significant (data not shown).

Discussion {#sec0040}
==========

Hypovitaminosis D and osteoporosis is frequent in individuals living in countries with abundant sunshine such as Iran.[@bib0165], [@bib0170], [@bib0175], [@bib0180] The reason behind this finding, however, remains unclear. Many believe the optimal level of 25(OH)D, which leads to maximum suppression of circulating iPTH levels, should be defined based on functional rather than an epidemiological definition.[@bib0185]

Considering the correlation between serum 25(OH)D levels and BMD values controversial results are found. While certain studies have failed to report any correlations between these two variables, others have revealed a positive association between serum 25(OH)D levels and BMD values.[@bib0140], [@bib0190], [@bib0195], [@bib0200], [@bib0205], [@bib0210] Arya et al. reported a significant correlation between serum 25(OH)D levels and BMD values at proximal femur.[@bib0175] They concluded that subclinical 25(OH)D deficiency has an adverse effect on bone mass and therefore is linked with low BMD in these subjects. Villareal et al. similarly suggested that women with low serum 25(OH)D levels should be referred for osteoporosis screening, stressing that low BMD could be the only symptom in these women.[@bib0215]

On the contrary with these studies, the present research demonstrated a significant but negative relation between 25(OH)D levels and BMD values at all the studied sites.

Apparent discrepancies between our study and previous ones can be contributed to the fact that many of these population-based studies have recruited subjects with a relatively good health status, and therefore lower prevalence of severe vitamin D deficiency and osteoporosis.[@bib0190] The probable association between 25(OH)D and BMD may also vary based on the various sites used for densitometry measurement owing to different composition of trabecular and cortical bone tissue. Moreover, sampling from a population-based study, and comparatively lower prevalence of severe vitamin D deficiency might increase the generalizability of our results. In addition, the higher serum levels of 25(OH)D in osteoporotic patients could be secondary to the fact that osteoporosis is more common among the elderly and this age group are more frequently treated with Vitamin D supplements. Considering our exclusion criteria, individuals taking such supplements should not have been recruited in the present study; this comes while many people, particularly, older individuals, have received the supplements without being aware of their name.

The mean serum 25(OH)D concentration of the whole study population was 35.37 ± 30.3 ng/ml and some 67.2% of the studied subjects were reported to have moderate to severe vitamin D deficiency regardless of their gender. Except for trochanter, there was no difference in the correlation between these variables in the two genders. It should be noted that the higher vitamin D levels reported in osteoporotic cases in this study could be contributed to the lower number of studied osteoporotic cases compared to that of normal cases. Moreover, considering the subgroup analysis and the fact that the retired and elderly population in Iran spends more time outdoors, it could be concluded that they are exposed to more sun and therefore have higher 25(OH)D levels.

Certain studies have revealed an inverse correlation between serum PTH levels and BMD values, particularly at the femoral neck, pointing out the catabolic role of PTH on cortical bones.[@bib0195], [@bib0220] These studies have also shown that decreased levels of serum calcium are associated with defects in mineralization and consequently low BMD.[@bib0185] In line with these studies, Hosseinpanah et al. reported a negative correlation between PTH levels and BMD values at femoral neck in the absence of similar correlations between serum 25(OH)D and BMD of other sites.[@bib0225] Sadat Ali et al.[@bib0230] showed that vitamin D levels significantly influence BMD reading among Saudi individuals, pointing out a significant positive correlation between 25OHD level and BMD and significant negative correlation with parathyroid hormone in the studied groups. The present study, on the contrary, reported PTH to be inversely correlated with BMD values at all sites rather than spine. The correlation, however, was reported to be significant only at the femoral trochanter.

The present study was conducted on healthy individuals based on their self-reported history; a potential bias of undiagnosed underlying diseases, therefore, is probable. Additionally, the cross-sectional nature of the present study is an important limitation of this study. Moreover, this study only measured five biochemical markers, namely PTH and 25(OH)D, while more recent studies have linked markers such as intact osteocalcin (OC) to BMD values and fracture risk.[@bib0235], [@bib0240] In addition, 25(OH)D measurements were performed in winter, when its levels are believed to be at the lowest level compared to other months of the year. It should be noted that the present study was an observational study in which the effect of important factors such as population differences (gender, age, ethnic, sex, extent of sun exposure, and vitamin D intake) was not assessed. Large prospective studies, therefore, are needed to better evaluate the correlation between biochemical markers and BMD values in different populations.
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###### 

The mean values of the studied biochemical markers based on bone mineral density categorization.

                    Bone mineral density categorization (no. of cases)   *P* value                       
  ----------------- ---------------------------------------------------- --------------- --------------- ---------
  25(OH)D (ng/ml)   42.03 ± 34.59                                        35.97 ± 26.49   33.04 ± 23.78   \<0.001
  PTH (pg/ml)       28.12 ± 16.19                                        28.82 ± 16.18   28.73 ± 17.72   0.856
  Ca (mg/dl)        9.44 ± 0.54                                          9.43 ± 0.56     9.46 ± 0.57     0.454
  P (mg/dl)         3.22 ± 0.49                                          3.15 ± 0.48     3.19 ± 0.47     0.109

Data expressed as mean ± SD.

###### 

The partial correlation between biochemical markers and BMD values after controlling for gender (A -- male and B -- female).

                        25(OH)D                                      PTH                                          Ca                                          P                                            BMD (femoral neck)                          BMD (trochanter)                            BMD (total hip)
  --------------------- -------------------------------------------- -------------------------------------------- ------------------------------------------- -------------------------------------------- ------------------------------------------- ------------------------------------------- -------------------------------------------
  *A - Male*:                                                                                                                                                                                                                                                                                      
   PTH                  −0.101[a](#tblfn0005){ref-type="table-fn"}                                                                                                                                                                                                                                 
   Ca                   0.053[b](#tblfn0010){ref-type="table-fn"}    −0.032[a](#tblfn0005){ref-type="table-fn"}                                                                                                                                                                                    
   P                    0.077[a](#tblfn0005){ref-type="table-fn"}    0.088[a](#tblfn0005){ref-type="table-fn"}    0.213[a](#tblfn0005){ref-type="table-fn"}                                                                                                                                        
   BMD (femoral neck)   −0.073[a](#tblfn0005){ref-type="table-fn"}   0.023                                        0.070[a](#tblfn0005){ref-type="table-fn"}   0.137[a](#tblfn0005){ref-type="table-fn"}                                                                                            
   BMD (Trochanter)     0.000                                        −0.008                                       0.044                                       0.074[b](#tblfn0010){ref-type="table-fn"}    0.770[a](#tblfn0005){ref-type="table-fn"}                                               
   BMD (total Hip)      −0.062[b](#tblfn0010){ref-type="table-fn"}   0.013                                        0.064[b](#tblfn0010){ref-type="table-fn"}   0.090[a](#tblfn0005){ref-type="table-fn"}    0.876[a](#tblfn0005){ref-type="table-fn"}   0.934[a](#tblfn0005){ref-type="table-fn"}   
   BMD (spine)          −0.076[a](#tblfn0005){ref-type="table-fn"}   0.038                                        0.022                                       0.083[a](#tblfn0005){ref-type="table-fn"}    0.633[a](#tblfn0005){ref-type="table-fn"}   0.616[a](#tblfn0005){ref-type="table-fn"}   0.666[a](#tblfn0005){ref-type="table-fn"}
  *B - Female*:                                                                                                                                                                                                                                                                                    
   PTH                  −0.175[a](#tblfn0005){ref-type="table-fn"}                                                                                                                                                                                                                                 
   Ca                   0.079[a](#tblfn0005){ref-type="table-fn"}    −0.038                                                                                                                                                                                                                        
   P                    0.075[a](#tblfn0005){ref-type="table-fn"}    −0.072[a](#tblfn0005){ref-type="table-fn"}   0.245[a](#tblfn0005){ref-type="table-fn"}                                                                                                                                        
   BMD (femoral neck)   −0.095[a](#tblfn0005){ref-type="table-fn"}   −0.024                                       0.004                                       0.004                                                                                                                                
   BMD (Trochanter)     −0.074[a](#tblfn0005){ref-type="table-fn"}   −0.046                                       −0.037                                      −0.054[b](#tblfn0010){ref-type="table-fn"}   0.806[a](#tblfn0005){ref-type="table-fn"}                                               
   BMD (total Hip)      −0.057[b](#tblfn0010){ref-type="table-fn"}   −0.042                                       −0.021                                      −0.034                                       0.889[a](#tblfn0005){ref-type="table-fn"}   0.926[a](#tblfn0005){ref-type="table-fn"}   
   BMD (spine)          −0.107[a](#tblfn0005){ref-type="table-fn"}   −0.009                                       −0.030                                      −0.053[b](#tblfn0010){ref-type="table-fn"}   0.699[a](#tblfn0005){ref-type="table-fn"}   0.624[a](#tblfn0005){ref-type="table-fn"}   0.689[a](#tblfn0005){ref-type="table-fn"}

Correlation is significant at the 0.01 level (2-tailed).

Correlation is significant at the 0.05 level (2-tailed).
